The effect of a thin film of a zwitterionic random copolymer composed of carboxybetaine [1-carboxy-N,Ndimethyl-N-(2-methacryloyloxyethyl)methanaminium inner salt] (CMB) and n-butyl methacrylate (BMA), poly(CMB-r-BMA) (CMB, 30 mol%), on the healing of a full-thickness excisional and incisional wound in hairless rats was examined. The poly(CMB-r-BMA) film significantly enhanced wound closure and complete healing of a full-thickness excisional wound compared with the effect of the poly(n-butyl methacrylate) (PBMA) and the poly(ethylene terephthalate) (PET) films. However, the poly(CMB-r-BMA) film did not enhance healing of a fullthickness incisional wound in hairless rats. The amount of proteins adsorbed and that of neutrophiles adhered onto the poly(CMB-r-BMA) film were significantly smaller than those onto the PBMA and PET films. The results suggested that various cells and growth factors in the wound exudate are utilized effectively by covering an excisional wound with the poly(CMB-r-BMA) film, resulting in acceleration of healing. In addition, the poly(CMB-r-BMA) film significantly enhanced healing of a full-thickness excisional wound in hairless rats compared with the effect of Tegaderm ® as wound dressings. The poly(CMB-r-BMA) film has potential as a new wound dressing.
Generally, wound healing is a complex process involving various cells, growth factors, a number of extracellular matrices and several proteases. 1) Skin lesions include abraded wounds, contusion, dehiscence wounds, burns, and decubitus ulcers. When the skin is injured and concomitantly a blood vessel is disrupted, a wound healing proceeds in sequence as follows. First, extravasation of blood constituent, blood coagulation and inflammation occur. This is followed by regeneration and proliferation of cells, angiogenesis and synthesis of extracellular matrix. Finally, wound contraction and wound reepithelialization occur. 2, 3) Various cells such as platelets, lymphocytes, neutrophiles, macrophages and fibroblasts are involved in these processes. Growth factors such as plateletderived growth factor (PDGF), transforming growth factor-b (TGF-b), basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF) released from these cells play important roles in wound healing. [4] [5] [6] [7] [8] [9] [10] [11] [12] These cells and growth factors can play an effective role in wound healing in a sufficiently moist environment. 13, 14) That is, when the wound surface is covered by dressings that maintain a moist environment, these cells can migrate easily in the wound surface. Moreover, growth factors and extracellular matrices released from these cells are maintained efficiently in the wound surface, and wound healing is accelerated.
Wound dressings containing various polymers such as polyurethane film are now used for keeping the wound surface in a moist environment. Recent studies have shown that a zwitterionic copolymer composed of a carboxybetaine monomer [1-carboxy- N,N-dimethyl-N-(2Ј-methacryloyloxyethyl)methanaminium inner salt] (CMB) and n-butyl methacrylate (BMA), poly(CMB-r-BMA) (CMB, ca. 30 mol%), has excellent blood compatibility properties such as suppression of platelet adhesion and complement activation on the polymer surface. 15) Platelet adhesion and complement activation on the polymer surface of poly(CMB-r-BMA) showed a minimum value around 30% of the mole ratio of CMB. Polymers containing zwitterionic moieties such as 2-methacryloyloxyethylphosphorylcholine (MPC) 16 ) and 3-sulfo-N,N-dimethyl-N-3Ј-methacrylamidopropylpropanaminium inner salt (SPB) 17) also have excellent blood compatibility.
It has not yet been determined whether polymers having blood compatibility have an effect on wound healing. In this study, the effect of the poly(CMB-r-BMA) film on healing of a full-thickness excisional and incisional wound in hairless rats was studied. The amount of proteins adsorbed and that of neutrophiles adhered onto the poly(CMB-r-BMA) film were also measured. Based on the results, we discuss the relationship between wound healing and the amount of proteins adsorbed and that of neutrophiles adhered onto the poly(CMB-r-BMA) film. The potential of the poly(CMB-r-BMA) film as a wound dressing is also discussed.
MATERIALS AND METHODS
Materials A carboxybetaine monomer, 1-carboxy-N,Ndimethyl-N-(2Ј-methacryloyloxyethyl)methanaminium inner salt (CMB), was kindly donated by Osaka Organic Chemical Industries, Ltd., Osaka, Japan. n-Butyl methacrylate (BMA) was purchased from Wako Pure Chemical Industries, Ltd., Osaka, Japan. Poly(ethylene terephthalate) film (PET film, thickness of 25 mm) was purchased from Mitsubishi Polyester Film Corporation, Ltd., Tokyo, Japan. Sodium dodecyl sulfate (SDS) and 2,2Ј-azobisisobutyronitrile (AIBN) were purchased from Wako Pure Chemical Industries, Ltd. Nonwoven cohesive bandages (Meshporetape ® ) were purchased from NICHIBAN Corporation, Ltd., Tokyo, Japan, and Tegaderm ® was from 3M Health Care, Ltd., St. Paul, MN, U.S.A. Other reagents were commercially available products. Preparation of the Polymer Film Poly(CMB-r-BMA) (CMB, 30 mol%) was synthesized as follows. 15 ) CMB (6.19 g) and BMA (8.8 g) were polymerized using AIBN (7.3 mg) as an initiator in ethanol (75 ml) at 70°C for 24 h. The polymer product was dialyzed against methanol for several days (membrane, Spectra/Pro, Spectrum Laboratories, Inc.; exclusion limit, 3.5 kDa). After dialysis, the polymer was precipitated in n-hexane (12.4 g, CMB : BMAϭ3 : 7, MWϭ193 kDa). PBMA was synthesized as follows. BMA (15 g) was polymerized using AIBN (7.3 mg) in ethanol (75 ml) at 70°C for 24 h. After the reaction, ethanol was evaporated in vacuo. The polymer was dissolved in acetone and precipitated in methanol (7.5 g, 116 kDa). With the use of 1 H-NMR, it was confirmed that these polymers did not contain any monomers after purification. The weight-average molecular weight (M w ) of poly(CMB-r-BMA) was determined by gel permeation chromatography (GPC) (Waters HPLC system; column, Shodex K-801, Showa Denko, Tokyo, Japan). LiCl (0.1 M) dissolved in chloroform-methanol (6 : 4) was used as the mobile phase (standard, poly-(methyl methacrylate); Showa Denko). The weight-average molecular weight (M w ) of PBMA was also determined by GPC (Waters HPLC system; column, Shodex K-801, Showa Denko). Chloroform was used as the mobile phase (standard, polystyrene; Showa Denko).
Effect of Zwitterionic Polymers on Wound Healing
A polymer film was prepared on the PET film from an ethanol solution of poly(CMB-r-BMA) and ethyl acetate solution of PBMA by the spin coating method at 1000 rpm for 1 min. The films were dried under reduced pressure at room temperature. These polymer films were cut along a 28 mm diameter template and a 40 mmϫ50 mm template for application to a full-thickness excisional wound and a full-thickness incisional wound in hairless rats, respectively.
Measurement of Contact Angle of Air Bubbles
The films were immersed in physiological saline and placed without movement at 37°C for 7 d, and then static contact angles, q, of air bubbles (10 ml) on the surface of each polymer film were measured (CA-D, Kyowa Interface Science, Tokyo, Japan). 18) The q values were expressed as the mean of 15 portions of the polymer surface and expressed as the meanϮstandard error (S.E.) of three independent polymer films.
Animals Male HWY hairless rats and male Wistar rats were purchased from Japan SLC, Inc., Hamamatsu, Japan at the age of 7 to 8 weeks. Hairless rats were used for a fullthickness excisional wound model at the age of 10 weeks and a full-thickness incisional wound model at the age of 9 to 10 weeks. Male HWY hairless rats and male Wistar rats were used for the preparation of plasma and neutrophiles at the age of 8 to 14 weeks. Rats were housed in individual cages and maintained in the animal care facility with constant temperature at 23Ϯ1°C and humidity at 55Ϯ5% during the experiments. Rats were given distilled, deionized water and fed a diet ad libitum.
Full-Thickness Excisional Wound Model A full-thickness excisional wound was made as previously described. 19) On the day of surgery, hairless rats were briefly anesthetized with ether. A 16 mm diameter template was used to mark the back. After sterilization of the back with 70% ethanol, the dorsal skin was picked up and a full-thickness wound (approximately 2 cm
2 ) was excised roundly with scissors. Excised tissues included the epidermis, dermis and panniculus carnosus. The bleeding in the wound region was cleaned with absorbent cotton immersed in sterile physiological saline. After surgery, the wounds were covered with the poly(CMBr-BMA), PBMA or PET films (28 mm diameter) followed by covering with nonwoven cohesive bandages. These polymer films were changed every 2 d or 3 d, and the wounds were cleaned with the same schedule. After the wounds had been cleaned, wound areas were assessed by image analysis using Image J (Version 1.32j, NIH) software after having taken photos of wound areas over time using a digital camera. The results are shown as relative wound area obtained by the ratio of wound area to the initial wound area. Additionally, complete healing is expressed as the number of the days required for reepithelialization. For comparison with Tegaderm ® as a biomedical material, the wounds were covered with the poly(CMB-r-BMA) film followed by covering with Tegaderm ® (50 mmϫ100 mm) or were covered only with Tegaderm ® . Furthermore, these were fixed by covering with nonwoven cohesive bandages.
Full-Thickness Incisional Wound Model A full-thickness incisional wound was made as previously described. 20) On the day of surgery, hairless rats were briefly anesthetized with ether. After sterilization of the back with 70% ethanol, the dorsal skin was picked up and a full-thickness incisional wound (approximately equal to 34 mm) was made with a scalpel along the median line linearly. The incision was closed with three monofilament silk sutures at 10 mm intervals. On the third post-wounding day, the sutures were removed. On the fourth post-wounding day, rats were killed and a skin strip of 30 mm in width and 20 mm in length centrally located at the incision site was prepared from each rat for tensile strength measurement (SUN RHEO METER, Type CR-200D, Sun Scientific Corporation Ltd., Tokyo, Japan). The ends of the skin strip were secured with binder clips. A force was applied across the incision at a constant speed (2 cm/min). The breaking strength (so-called tensile strength) was the point of maximal stress before wound separation and was expressed as g per strip. The wounds were covered with poly(CMB-r-BMA) or PET films (40 mmϫ 50 mm) followed by covering with nonwoven cohesive bandages. These films were changed every day until the fourth post-wounding day.
Determination of Adsorbed Proteins The proteins were dissolved in phosphate-buffered saline (PBS, pH 7.4). The concentrations of bovine serum albumin (BSA) (Sigma Chemical Co., St. Louis, MO, U.S.A.) and bovine plasma fibrinogen (BPF) (Sigma) were 3.9 mg/ml and 0.30 mg/ml, respectively. Rat plasma was prepared as previously described. 21) Blood was drawn from rats and mixed with a 1/9 volume of 3.8% sodium citrate aqueous solution, and then plasma was obtained by centrifugation at 3000 rpm for 10 min at room temperature. For determination of the amounts of protein adsorbed onto polymers and Tegaderm ® , a cell was made by attaching two pieces of each polymercoated PET film or Tegaderm ® to a silicon rubber spacer (thickness, 1 mm). The cell was filled with protein solution (BSA or BPF) or rat plasma (0.55 ml) and incubated at 37°C for 1 h, and then the protein solution or rat plasma was cleaned up and the cell was rinsed three times with PBS. The protein adsorbed onto the polymer films and Tegaderm ® was desorbed by exposing the polymer films to a 5% SDS aqueous solution (0.6 ml) (in the case of BPF, 0.3 M NaCl solution with 5% SDS) for 4 h in an ultrasonic bath. Afterward, the protein solution was collected and the total amount of adsorbed protein was determined by the micro-bicinchoninic acid (BCA) protein assay (Pierce, Rockford, IL, U.S.A.), based on the intensity of coloration given by the complex formed by two molecules of BCA with cuprous ions in an alkaline environment. The total amount of protein was calculated from standard curves. Determination of Adhered Neutrophiles Neutrophiles were collected as previously described. 22, 23) Male Wistar rats were intraperitoneally injected with sterilized 5% (w/v) casein dissolved in physiological saline at an injection volume of 100 ml/kg. After 16 h, neutrophiles were collected by administering 40 ml of physiological saline intraperitoneally. Then exudative cells in the peritoneal cavity were collected to obtain neutrophiles and transferred to a plastic tube. After centrifugation, exudative cells were washed in physiological saline and red blood cells were removed by hypotonic lysis with 24 ml of water for 30 s. Tonicity was restored by addition of 8 ml of 3.6% saline. After centrifugation, neutrophiles were washed twice in physiological saline, resuspended in rat plasma, counted, and adjusted to 140ϫ10 4 cells/ml. To determine the adhesion of neutrophiles to the polymer films and Tegaderm ® , the polymer-coated PET films or Tegaderm ® were placed into a 32-well plate. The suspension of neutrophiles (0.5 ml, 140ϫ10 4 cells/ml) was seeded onto each well and incubated at 37°C for 4 h in 5% CO 2 and then it was rinsed once with PBS. The total amount of adhered neutrophiles was determined by the water-soluble tetrazolium salt (WST-1) assay (Takara Bio Inc., Shiga, Japan). Then 5% (v/v) WST-1 solution was added to each well and the plate was incubated at 37°C for 2 h in 5% CO 2 . The absorbance of each sample was determined at 450 nm with a microplate reader (Multiskan JX, Thermo Electron Corporation, Vantaa, Finland). The results are shown as relative absorbance obtained by the ratio of the polymer films to the poly(CMB-r-BMA) film.
Statistical Analysis Values are expressed as meansϮ standard error (S.E.) unless otherwise indicated. Student's ttest was used for comparisons of data to assess significant differences. Unless otherwise indicated, pϽ0.05 was used to determine significance. Figure 1 shows the chemical structures of poly(CMB-r-BMA) and PBMA used in this work, and Table 1 shows their weight-average molecular weights (M w ) and composition ratio. Contact angles of air bubbles on the polymer films in physiological saline at 37°C were measured by the air-in-water method ( Table 2 ). The C.V. values of contact angles were less than 5%, indicating that the surfaces of all films were uniform. On the other hand, the q value depended on the kind of film: the surface of the poly(CMB-r-BMA) film was more hydrophilic than the surfaces of the PBMA and PET films. The difference between the poly(CMB-r-BMA) and the PBMA films indicates that a hydrophilic moiety, i.e., carboxybetaine groups in poly(CMB-r-BMA), came out to the surface. Figure 2 shows the surface stability of each polymer film in physiological saline at 37°C. Small changes in contact angles on all films indicate that the surfaces of all films were stable in physiological saline at 37°C for at least 7 d.
RESULTS

Surface Uniformity and Stability
Effect on Wound Healing (Full-Thickness Excisional Wound Model) Figure 3 shows wound closure for both the groups treated with the films and the non-treatment group. Wound areas treated with the films began to decrease at day 2 after wounding, whereas those of non-treatment group at day 7. All of the films enhanced wound closure compared with that in the non-treatment group (Fig. 3A) . The poly(CMB-r-BMA) film significantly enhanced wound closure compared with the effect of the PET film after day 9, and the time to complete healing for the poly(CMB-r-BMA) film was 2.6 d shorter than for the PET film (pϽ0.05) (Fig. 3B) . On the other hand, the poly(CMB-r-BMA) film enhanced wound closure and complete healing compared with the effect of the PBMA film, but the effects were not statistically significant compared with those of the PBMA film. Figure 4 shows some photos of typical examples of wound closure treated with the films and the non-treatment group.
However, when we examined wound healing in a larger number of hairless rats, the poly(CMB-r-BMA) film significantly enhanced wound closure compared with the effect of the PBMA film after day 10 ( Fig. 5A) and the time to complete healing for the former film was 1.3 d shorter than that for the latter (pϽ0.05) (Fig. 5B) . These results indicated that the poly(CMB-r-BMA) film significantly enhanced wound closure and complete healing compared with the effects of the PBMA and the PET films.
Next, we compared the effects of the poly(CMB-r-BMA) film and Tegaderm ® on wound healing (Fig. 6 ). Wound areas began to decrease after wounding for both films. The poly(CMB-r-BMA) film significantly enhanced wound closure compared with the effect of Tegaderm ® after day 7 (Fig.  6A) and the time to complete healing for the former film was 1.8 d shorter than that for the latter (pϽ0.05) (Fig. 6B) . 2312 Vol. 31, No. 12
Fig. 3. Effect of Poly(CMB-r-BMA) on Wound Closure (A) and Complete Healing (B) in Hairless Rats
Rats received a full-thickness excisional wound on day 0. After surgery, the wounds were covered with the poly(CMB-r-BMA) film, PBMA film or PET film or were not covered (None). Wound areas were assessed by image analysis after having taken digital photos of wound areas on days 0, 2, 4, 7, 9, 11, 14, 16 and 18. Each column shows the meanϮS.E. (nϭ5). * pϽ0.05, compared with the PET group (Student's t-test). 
Effect on Wound Healing (Full-Thickness Incisional Wound Model)
The tensile strength of skin summarized in Table 3 shows that the rate of increase in tensile strength relative to that in the non-treatment group was 5.2% for both the poly(CMB-r-BMA) film and the PET film. No significant differences in tensile strength were found in these groups, indicating that the poly(CMB-r-BMA) film did not significantly enhance healing of a full-thickness incisional wound.
Protein Adsorption Figure 7 shows the amounts of proteins (BSA, BPF and rat plasma proteins) adsorbed onto the poly(CMB-r-BMA) film, PBMA film, PET film and Tegaderm ® . The amounts of proteins adsorbed varied depending on the kind of polymer film. For all proteins, the amounts adsorbed onto the poly(CMB-r-BMA) film were significantly smaller than the amounts adsorbed onto the others. The amount of proteins adsorbed onto Tegaderm ® was the largest. Neutrophile Adhesion Figure 8 shows the adhesion of Rats received a full-thickness incisional wound on day 0. After surgery, the wounds were covered with the poly(CMB-r-BMA) film or PET film or were not covered (None). Each covering material was applied once a day from day 0 to day 3. Rats were killed on day 4. Skin strips were immediately prepared and tensile strengths were measured. a) Values are shown as meansϮS.E. (nϭ15-16). b) Rate of increase in tensile strength relative to that in the non-treatment group. neutrophiles onto the poly(CMB-r-BMA) film, PBMA film, PET film and Tegaderm ® . The amount of neutrophiles that adhered onto the poly(CMB-r-BMA) film was significantly smaller than the amounts that adhered onto the others. The amount of neutrophiles that adhered onto the PBMA film was smaller than the amounts that adhered onto the PET film and Tegaderm ® .
DISCUSSION
In this study, we showed that the surfaces of the poly(CMB-r-BMA), PBMA and PET films were uniform and stable in physiological saline at 37°C for 7 d (Fig. 2,  Table 2 ). Therefore, it is thought that the surfaces of these polymer films were stable throughout the experimental periods.
The poly(CMB-r-BMA), PBMA and PET films clearly enhanced wound healing in hairless rats compared with the wound healing in the non-treatment group, indicating that wound healing was accelerated in a moist environment by covering with polymer films (Fig. 3) . Next, we found that the poly(CMB-r-BMA) film significantly enhanced healing of a full-thickness excisional wound compared with the effects of the PBMA and the PET films, indicating that the carboxybetaine moieties enhanced wound healing (Figs. 3, 5) . The PBMA film also enhanced wound closure and complete healing compared with the effects of the PET film, but the effects were not statistically significant. These result suggest that wound healing depends on the variety of polymer films.
Moreover, complete healing in the case of the poly(CMBr-BMA) film was 1.3-2.0 and 2.6 d faster than that using the PBMA and the PET films, respectively. Many studies have already shown that several medicines for decubitus ulcer, including bFGF, 5, 8, 9, 11, 12, 19, [24] [25] [26] povidone iodine · sugar, 20) lysozyme chloride ointment, 20) solcoseryl ointment 20, 27) and tocoretinate ointment, 28, 29) enhanced wound healing. Although experimental conditions in which these medicines were used differ from the conditions used in this study, the complete healing when povidone iodine · sugar, lysozyme chloride ointment and solcoseryl ointment were used 2.6, 2.4 and 2.3 d shorter than that of each control in normal animals, respectively. Therefore, though the poly(CMB-r-BMA) film is not a medicine, it shows an effect on wound healing almost the same as the effects of those medicines.
We evaluated the effect of the poly(CMB-r-BMA) film using normal animals. Since wounds made in normal animals heal faster than those in impaired animals, it is difficult to evaluate the effect of medicine on normal animals. 25) Healing-impaired models such as diabetic, obese, steroid-treated and chronic liver failure models have therefore been used for evaluation of the effectiveness of medicine for treatment of decubitus ulcer. 5, 9, 12, 19, [24] [25] [26] 29, 30) From these reasons, the poly(CMB-r-BMA) film would also show an equal effect on wound healing in these healing-impaired models.
In this study, the amount of BSA, BPF and rat plasma proteins adsorbed onto the poly(CMB-r-BMA) film was significantly smaller than the amounts adsorbed onto the PBMA and PET films (Fig. 7) . The same tendency was observed for the amount of neutrophiles adhered onto the films (Fig. 8) . These results were consistent with the fact that the poly-(CMB-r-BMA) film enhanced healing of a full-thickness excisional wound compared with the effects of the PBMA and PET films. Accordingly, the accelerative effect of the poly(CMB-r-BMA) film on wound healing seems to be related to the amount of proteins adsorbed and that of neutrophiles adhered onto polymer films.
Many studies have shown that growth factors play an important role in wound healing. Several studies have shown that bFGF 19, 24, 26, 31) and PDGF 5, 8, 9) significantly enhanced wound healing. Other studies have shown that TGF-b 6, 8, 32, 33) enhanced wound healing and stimulated migration of neutrophiles and monocytes and that EGF 34) enhanced keratinocyte growth and fibronectin secretion. The present study suggested that the amount of platelets, macrophages, neutrophiles and lymphocytes adhered onto and the amount of bFGF, EGF, PDGF and TGF-b adsorbed onto the poly(CMBr-BMA) film are smaller than the amounts adhered and adsorbed onto the PBMA and PET films. As a result, the concentrations of these cells and growth factors in the wound region covered with the poly(CMB-r-BMA) film are maintained higher than those in the wound region covered with the PBMA or PET film. That is, these cells and growth factors are utilized effectively and wound healing is accelerated.
The poly(CMB-r-BMA) film did not significantly enhance healing of a full-thickness incisional wound, though it had an effect on healing of an excisional wound. The exposed wound area covered with the poly(CMB-r-BMA) film on an excisional wound is larger than that on an incisional wound. Additionally, covering the wound with the poly(CMB-r-BMA) film reduces both the amount of various cells that adhere onto and the amount of growth factors that are adsorbed onto the film. These facts indicate the contact of wound surface with the film is important. Several medicines for treatment of decubitus ulcer, including povidone iodine · sugar, 20, 35) lysozyme chloride ointment, 36) tocoretinate ointment, 28) solcoseryl ointment 27) and bFGF 11, 26) significantly enhanced wound healing in the tensile strength, on the other hand, the poly(CMB-r-BMA) film not. This difference is concerned in that the poly(CMB-r-BMA) film only covers the wound but these medicines are applied directly to the wound and penetrate inward. As a result, it seems that these medicines also have an effect on incisional wound healing.
The poly(CMB-r-BMA) film significantly enhanced healing of a full-thickness excisional wound compared with the effect of the biomedical material Tegaderm ® (Fig. 6) . Additionally, the amount of BSA, BPF and rat plasma proteins adsorbed onto the poly(CMB-r-BMA) film was significantly smaller than that adsorbed onto Tegaderm ® (Fig. 7) . The amount of neutrophiles adhered onto the poly(CMB-r-BMA) film was also significantly smaller than the amount adsorbed onto Tegaderm ® (Fig. 8) . Therefore, the poly(CMB-r-BMA) film has excellent usability as a wound dressing. On the other hand, the amount of proteins adsorbed and that of neutrophiles adhered onto Tegaderm ® were larger compared with that onto the poly(CMB-r-BMA) and the PBMA films. The surface of Tegaderm ® was more convexo-concave compared with that of the poly(CMB-r-BMA) and the PBMA films under microscopic observation (data not shown). Generally, it is well known that convexo-concave surfaces have a tendency to adsorb more protein. In addition, the surface component of Tegaderm ® consists of an acrylic adhesive such as copolymer of acrylic ester (methyl acrylate, ethyl acrylate, butyl acrylate and so on). The large amount of proteins adsorbed and that of neutrophiles adhered onto Tegaderm ® might be related to these characteristics, but it is not clear for details at present. Tegaderm ® is applied not only to a superficial wound in order to cover the wound but also to a deep wound to cover other dressings such as a hydrocolloid dressing. Although Tegaderm ® can seal a wound surface hermetically, the poly(CMB-r-BMA) film can't because of its non-adhesive property. If we could give adhesiveness to the poly(CMB-r-BMA) film and it could seal a wound surface hermetically, the effect of this film on wound healing would be much greater. Additionally, natural healing power in animals is greater than that in humans, and even if wounds in animals are left as they are, they have a tendency to heal easily. 37) Wound healing was enhanced in animals, and therefore, enhancement of wound healing in humans is expected.
Wound dressings that release NO [38] [39] [40] on the wound surface, wound dressings containing bFGF 41, 42) and a glycosaminoglycan hydrogel film 43) have recently been developed for healing skin lesions. All of these dressings have been shown to enhance healing of a full-thickness excisional wound, but they have not yet been made available as commercial products. Although it is not known at present to how much lesion we can apply it, the poly(CMB-r-BMA) film has potential as a new wound dressing.
